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Abstract: In this study, a new technology was tested for its efficacy in the conservation of tomato
fruits. An initial experiment was conducted to determine the effects of eugenol on the main quality
parameters of Raf tomato fruits; then, a main experiment was performed to test the effectiveness of
the new technology. In both experiments, fruits of the tomato cultivar Raf at the mature green stage
were used. The preliminary experiment demonstrated the effectiveness of eugenol in maintaining
fruit quality during the postharvest life of the fruit. In the main experiment, the fruits were packed
using a sachet filled with a mixture consisting of 10:1:1 clinoptilolite clay, ground clove buds, and
activated charcoal. This mixture was evaluated against a commercial ethylene scavenger composed
mainly of KMnO4-impregnated sepiolite. Three lots of fruits were used: One batch was considered
as the control, where the fruits were not packed but kept in an open box at room temperature. The
fruits in the other two batches were packed in 2 L PET containers with lids at a rate of three fruits
per container, and a sachet of ground cloves and a commercial scavenger was added inside each
container in each batch. The containers were kept at room temperature, and the following main
quality parameters were analyzed: ethylene production rate, firmness, color, content of soluble solids,
and pigments. The results showed that ground clove buds led to a reduction in ethylene production
which was associated with a delay in maturation and could be a good alternative for use in the active
fruit packaging of horticultural products.
Keywords: clove buds; ethylene scavenger; essential oil; fruit quality; Solanum lycopersicum
1. Introduction
Technologies used to extend the postharvest lives of fruits and vegetables include
ethylene removal by means of ventilation, the use of ethylene scavengers, or the use of
ethylene binding inhibitors such as 1-methylcyclopropene (1MCP). Ethylene scavengers
are based on the oxidation of ethylene via potassium permanganate. This compound is
impregnated on clay, and different commercial presentations are available [1–3]. Ethylene
absorbents based on active charcoal are also available on the market (Sekisui Jushi Co.,
Osaka, Japan; Mitsubishi Chemical Company, Tokio, Japan). The use of these ethylene
absorbents as additives in plastic films for packaging has also been reported [4,5]. However,
one of the most innovative technologies in relation to ethylene is the use of 1-MCP, a
compound that interacts with ethylene receptors and thereby prevents ethylene-dependent
responses [6,7]. Other technologies widely used include controlled atmosphere storage and
active packaging, which is based on incorporating active substances into the packaging.
These substances interact with plant products in different ways, such as eliminating volatile
compounds or adding compounds that offer fungicide activities [8]. Among the compounds
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with fungicidal activities, essential oils (EOs) have been widely used due to their potential
benefits in protecting fruit and vegetables from microbial spoilage. The most commonly
used essential oils (EOs) include thymol, eugenol, eucalyptol, menthol, and carvacrol,
which are incorporated into the packaging via direct incorporation, including incorporation
into plastic polymers or the use of a coating to cover the polymer [9]. Direct incorporation
provides a simple way to test active packaging and consists of inserting oil-impregnated
sterile gauze inside the packaging to avoid contact with fruits [10]. The packaging is then
immediately closed tightly to minimize vaporization. This method has been widely used
in several studies, generally in combination with Modified Atmosphere Packaging (MAP)
and EOs to maintain the quality of the fruits and vegetables. However, most studies aimed
at reducing the losses caused by fungal and microbial spoilage.
By contrast, Ban et al. (2020) [11] did not use direct incorporation but instead employed
microencapsulated ginger essential oil as the carrier to release the oil into the package’s
headspace. Essential oils are commonly used in food and the postharvest industry due to
their capacity to kill microorganism. The antimicrobial and antifungal activities of eugenol,
thymol, eucalyptol, and other EOs have been shown in vivo both during postharvest of
fruits and in other plant-derived products such as fruit juices [12,13].
The antimicrobial and antifungal activities of eugenol, thymol, eucalyptol, and other
EOs have been demonstrated in vivo both in postharvest fruits and in other plant products
such as fruit juices. Overall, thymol is especially effective against Botrytis because the
percentage of damaged grapes inoculated with this fungus was reduced. Carvacrol was
also found to be very effective in reducing spoilage in fresh-cut kiwifruit but was not
effective when applied to melon [14]. However, in tomato fruits, thymol was effective in
reducing the incidence of Alternaria and Botrytis. Although the use of essential oils has
been focused on reducing the losses and spoilage caused by microbiological agents, studies
show that EOs also have an effect on the quality of the fruit. Serrano et al. [15] indicated
that EOs could be a useful tool to increase the shelf-lives of fruits and vegetables. Guillen
et al. [16] also found that MAP conditions and the addition of a mixture of three EOs
(eugenol, thymol, and carvacrol) were able to delay the ripening process of Black Amber
plum by delaying changes in color and losses of firmness. In general, the combined use of
MAP and EOs improves the overall quality of fruits by maintaining their organoleptic and
functional properties and delaying the ripening process. The application of EOs interferes
with the ripening of fruits [15]. The reasons why EOs can delay ripening are not known, but
it seems that essential oils interfere with ethylene [17]. In general, some compounds that
bind to the ethylene receptor induce a response, but others prevent such a response. These
compounds are known as ethylene antagonists [18]. However, except for silver thiosulfate
and cyclopropenes, all ethylene antagonists require continuous exposure [17]. The ethylene-
binding domain appears to be accessible by relatively large molecules that contain ten
or more carbons [19]. Sisler et al. [17] further noted that many natural compounds of
plant origin compete with ethylene receptors and provided an extensive list including
limonene, carveol, estragole, eugenol, and others. Serrano et al. [15] suggested that future
trends in the use of EOs should be focused on the use of active packaging able to release
active compounds in the head space. Therefore, new methods to apply EOs are necessary
as their direct incorporation in sterile gauze is useful only for scientific purposes. In
this context, Pongjaruwat [20] used sachets containing silica gel as carriers for EOs, and
Montero-Prado et al. [9] presented a new method consisting of a label with EOs attached to
the plastic packaging.
The tomato cultivar Raf, which is grown traditionally in the province of Almería, is
characterized by high organoleptic quality and a very short shelf life [21]. The high price of
Raf tomatoes on the market is mainly because the fruit offers good sensory combinations,
including a mixture of sweetness, firmness, and acidity, which enables the fruit to produce
an excellent aroma and exquisite flavors. However, all these characteristics are quickly
lost over time because the Raf tomato possesses strong climacteric characteristics and
rapidly becomes soft with intense red coloring [22]. Such a short shelf-life is a handicap
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for Raf Tomato, as this kind of tomato is eaten raw and appreciated by consumers in the
breaker and turning stages [23,24]. The Raf tomato fruit loses much of its quality in the
pink ripening stage and then completely loses its commercial value in the red stage.
This present study details the effectiveness of a new essential oil-based technology in
which eugenol is supplied by ground clove buds. In addition, two trials were performed to
evaluate the effects of eugenol on the postharvest quality attributes of Raf tomato fruits.
In the preliminary experiment, eugenol was applied via direct incorporation. Then, in
the main experiment, eugenol was replaced by ground clove buds, thereby producing the
new essential oil-based technology, which was subsequently compared with an ethylene
scavenger containing potassium permanganate.
2. Materials and Methods
2.1. Preliminary Test
An initial experiment was conducted to determine the effects of eugenol on the main
fruit quality parameters of Raf tomato. Fresh market tomatoes (Solanum lycopersicum L.
cv Raf) were hand-picked in a greenhouse of the Higher Engineering School (University
of Almería) at the green mature stage according to the USDA standard tomato color
classification chart [25]. At the laboratory, the tomatoes were selected to obtain three
homogenous lots. Each lot was composed of 60 fruits packed in 2 L containers featuring
snap-on lids of polyethylene terephthalate (PET), with three fruits per container and
20 containers per lot. Two lots were treated with eugenol obtained from Sigma-Aldrich,
Chemical Co. (St. Louis, MO, USA) at concentrations of 40 and 60 µL, applied to sterile
gauze, and placed inside the plastic containers avoiding contact with the fruits, just before
the containers were tightly closed. The third lot was considered as the control and was not
supplemented with a dose of eugenol. All containers were maintained at room temperature
(20 ◦C). Some physicochemical parameters (ethylene production rate, color, firmness, and
soluble solids content (SSC)) were analyzed at harvest and every three days during the
9-day storage time. Ethylene production rate, however, was assessed daily. Color changes
were quantified with L*, a*, and b* parameters (CIELAB color space system) using a
Minolta colorimeter CR200 (Minolta Camera, Osaka, Japan). L* represents the lightness
and define the position on the black–white axis, while a* and b* parameters represent the
chroma and define the position on the red–green axis and yellow–blue axis respectively.
The color records of individual L*, a*, and b* parameters were taken as the means of two
determinations for each tomato along the equatorial axis. Firmness was measured using a
texture analyzer (TA-XT2 PLUS, Stable MicroSystems, Godalming, UK), and the fruits were
subjected to compression tests using a 120 mm Ø flat steel plate mounted on the machine.
For each fruit, a force that achieved 10% deformation of the fruit diameter was applied.
The flat plate speed before, during, and after the test was 2 mm·s-1, and the maximum
peak force (g) was also recorded. The content of soluble solids in the tomato juice was
determined using the refractometer Index (◦Brix). The tomatoes in each container were
crushed and homogenized, and then an aliquot of 1 mL was measured with an ATAGO N1
digital refractometer. The ethylene production rate was determined every day. The fruits
were analyzed for each treatment in 4 replicates of 3 fruits each. The fruits were enclosed
in sealed 3.5 liter containers for 1 h at 20 ◦C. After this incubation period, gas samples
were taken, and ethylene content was determined three times using a gas chromatograph
(Varian 3900 GC) fitted with a flame ionization detector (FID). The ethylene production
rate was expressed as nanoliters per gram per hour (nL·g−1·h−1).
2.2. Main Experiment
In this study, we assessed a new method for incorporating eugenol as the active
compound in packaging. A sachet of cheese tissue similar in size to a tea bag was filled
with 2 g of a mixture consisting of 10:1:1 of clinoptilolite clay (0.1–0.05 mm Ø), ground
clove buds, and activated charcoal (hereafter referred as ‘Ground clove’). Clove buds were
Horticulturae 2021, 7, 303 4 of 12
purchase in a local supermarket from commercial clove Ducros (MacCormick & Company,
Baltimore, MD, USA).
This mixture was evaluated against Keepfresh® (Blue Teck Systems, Madrid, Spain)
a commercial ethylene scavenger mainly composed of KMnO4-impregnated sepiolite
(hereafter referred as ‘Commercial scavenger’). Raf tomatoes from the experimental field of
the Higher Engineering School (University of Almería) were harvested at the green mature
stage according to USDA standards [25]. In the laboratory, the selected fruits were divided
into three batches of 90 fruits each. One batch was considered as the control. The fruits
were not packed and were maintained in the open box at room temperature. The fruits of
the other two batches were packed in containers with the same characteristics as those used
in the preliminary experiment and at the same rate of three fruits per container. A sachet
of the Ground clove or Commercial scavenger was added inside each container of each batch.
After being closed, the containers were all kept at room temperature, and some fruit quality
parameters (color, firmness, SSC, and ethylene production rate) were evaluated every two
days during the 10-day storage time, following the same methodology described in the
preliminary experiment. Pigment content (total chlorophyll, β-carotene, and lycopene) was
assessed following the methodology proposed by Nagata and Yamashita [26] whereby the
pigments were evaluated spectrophotometrically. One gram of pericarp of the fruit was
homogenized with acetone–hexane (4:6 v/v), the mixture was shaken, and two phases were
separated. An aliquot from upper solution was analyzed spectrophotometrically at 663,
645, 505, and 453 nm. Total chlorophyll, β-carotene, and lycopene contents were calculated
according the equations of Nagata y Yamashita [26].
2.3. Statistical Analysis
The data obtained were initially checked using a Kolmogorov–Smirnov test to assess
data normality. Then, an analysis of variance (ANOVA) test was performed, with the time
of storage and treatments as the sources of variation. When the F-test from the ANOVA
was significant, mean comparisons were performed using an LSD post hoc test. All the
statistical analyses were completed using a Statgraphic Centurion XVI (STATGRAPHICS.
Statpoint Technologies, Inc., Warrenton, VA, USA).
3. Results
3.1. Preliminary Test
The effects of eugenol on ethylene production are shown in Figure 1. The fruits show a
clear pattern. Much less ethylene was released from the treated fruits than from the control
fruits, which resulted in a sharp decline, reaching the lowest level at first and second day
of storage. Conversely, ethylene production in the control fruits showed a slow and steady
increase up to 4 days of storage, when the maximum peak was recorded, and then ethylene
production decreased continuously and steadily. A climacteric peak was registered for the
control fruits, while for the fruits treated with eugenol, a maximum ethylene production
peak was not observed. For ethylene production, there was no dose effect, as no differences
were found between the ethylene production of fruits treated with 60 or 40 microliters of
eugenol. Differences were found only between the fruits treated after 1 day of storage,
as the fruits treated with 60 microliters of eugenol produced less ethylene than the fruits
treated with 40 microliters of eugenol.
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Figure 1. Time course of ethylene production in Raf tomato fruits treated with different eugenol 
doses. Vertical bars show the standard error (SE) (n = 12). ✻ indicates significant differences within 
each eugenol dose according to the LSD test at p < 0.05. The lack of a symbol indicates no differences. 
Effect of Eugenol on Some Fruit Quality Characteristics 
Table 1 shows the main fruit quality characteristics. The content of soluble solids was 
6.3 at harvest and did not vary significantly during the storage time. Although the appli-
cation of eugenol resulted in an increase in SSC, this was not statistically significant and 
was only reflected in an increase of 0.7 degrees Brix at best. Rapid softening is one of the 
most noticeable features of the Raf tomato that occurs during ripening; a loss of firmness 
can occur very quickly if the fruit is not kept under cold storage. The evolution of firmness 
during storage depended on the eugenol treatments. At harvest, the fruits presented high 
firmness. However, under postharvest storage at 20 °C, there was a sharp loss of firmness 
during the first 3 days and later, while firmness was retained longer in the treated fruits. 
The effect of eugenol was remarkable. Notably, the softening rate was decreased, which 
meant that the fruits remained firmer than the control fruits after 9 days of storage. 
Table 1. Effect of eugenol doses on SSC (expressed as the Brix degree) and firmness (expressed in 
g) in Raf tomato fruits. 
 Harvest 3 Days 6 Days 9 Days 
Solid Soluble Content 
Control 6.3 ± 0.2 a A 6.0 ± 0.2 a A 6.1 ± 0.1 b A 6.3 ± 0.2 a A 
40 6.3 ± 0.2 a A 6.6 ± 0.2 a A 6.7 ± 0.1 a A 6.6 ± 0.1 a A 
60 6.3 ± 0.2 a A 6.7 ± 0.2 a A 6.8 ± 0.1 a A 6.6 ± 0.2 a A 
Firmness 
Control 4254 ± 74 a A 2346 ± 47 b B 1795 ± 56 c B 1873 ± 37 c B 
40 4254 ± 74 a A 3598 ± 53 b A 2673 ± 37 c A 2787 ± 39 c A 
60 4254 ± 74 a A 3657 ± 49 b A 2608 ± 41 c A 2521 ± 45 c A 
Means followed by SE (n = 15). Different lowercase letters (a, b, c) indicate significant differences 
within each eugenol dose between days of storage according to the LSD test at p < 0.05. Different 
capital letters (A, B) indicate significant differences within each day of storage between eugenol 
doses according to the LSD test at p < 0.05. 
Figure 1. Time course of ethylene production in Raf tomato fruits treated with different eugenol
ses. Vertical bars show the st ndard error (SE) (n = 12). ∗ ind cates sign ficant differences within
each eugenol dose according to the LSD test at p < 0.05. The lack of a symbol indicates no differences.
ffect of Eugenol on Some Fruit Quality Cha acteristics
Table 1 shows the main fr it quality characteristics. The c ntent of oluble solids
was 6.3 at harvest a d did not vary significantly during the storage time. Although the
application of eugenol resulted in an increase in SSC, this was not statistically significant
and was only reflected in an increase of 0.7 degrees Brix at best. Rapid softening is one
of the most noticeable features of the Raf tomato that occurs during ripening; a loss of
firmness can occur very quickly if the fruit is not kept under cold storage. The evolution
of firmness during storage depended on the eugenol treatments. At harvest, the fruits
presented high firmness. However, under postharvest storage at 20 ◦C, there was a sharp
loss of firmness during the first 3 days and later, while firmness was retained longer in
the treated fruits. The eff ct of eugenol was remarkable. Not bly, the softening rate was
decreased, which meant that the fruits remained firmer than the control fruits after 9 days
of storage.
Table 1. Effect of eugenol doses on SSC (expressed as the Brix degree) and firmness (expressed in g)
in Raf tomato fruits.
Harvest 3 Days 6 Days 9 Days
Solid Soluble Content
Control 6.3 ± 0.2 a A 6.0 ± 0.2 a A 6.1 ± 0.1 b A 6.3 ± 0.2 a A
40 6.3 ± 0.2 a A 6.6 ± 0.2 a A .7 ± 0.1 a A 6.6 ± 0.1 a A
60 6.3 ± 0.2 a A 6.7 ± 0.2 a A 6.8 ± 0.1 a A 6.6 ± 0.2 a A
Firmness
Control 4254 ± 74 a A 2346 ± 47 b B 1795 ± 56 c B 1873 ± 37 c B
40 4254 ± 74 a A 3598 ± 53 b A 2673 ± 37 c A 2787 ± 39 c A
60 4254 ± 74 a A 3657 ± 49 b A 2608 ± 41 c A 2521 ± 45 c A
Means followed by SE (n = 15). Different lowercase letters (a, b, c) indicate significant differences within each
eugenol dose between days of storage according to the LSD test at p < 0.05. Different capital letters (A, B) indicate
significant differences within each day of storage between eugenol doses according to the LSD test at p < 0.05.
In terms of color (Table 2), the Raf tomato is commonly characterized by a green
color at the optimum stage of harvest, but during storage, the control tomatoes showed
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greater variations in color, with significant decreases in the L* and a* parameters and slight
decreases in b*. Conversely, in the treated fruits, the values of parameter a* increased more
slowly and were related to the dose of eugenol applied. The result after eugenol application
was that the fruits remained green for a longer time, while the control fruits turned red
much earlier. In other words, at the end of the experiment, the control fruits featured a very
intense red color (red mature, according to the USDA tomato-ripening chart), in contrast
to the treated fruits, whose colors were not as intense (pink or light red, according to the
USDA tomato-ripening chart).
Table 2. Effect of eugenol doses on the color CieLab parameters (L*, a*, b*) in Raf tomato fruits.
Harvest 3 Days 6 Days 9 Days
L*
Control 32.88 ± 4.3 b A 35.67 ± 3.9 b C 42.98 ± 2.9 ab B 53.79 ± 5.1 a B
40 32.88 ± 4.3 b A 42.21± 4.8 b B 72.18 ± 3.3 a A 68. 49 ± 3.9 a A
60 32.88 ± 4.3 c A 56.37± 5.7 b A 76.12 ± 4.9 a A 72. 47 ± 5.3 a A
a*
Control −13.73 ± 2.1 d A −2.87 ± 1.2 c A 7.57 ± 1.9 b A 11.6 ± 2.3 a A
40 −13.73 ± 2.1 d A −8.45 ± 2.7 c B −0.56 ± 2.0 b B 7.30 ± 4.1 a B
60 −13.73 ± 2.1 d A −10.3 ± 2.5 c B −3.76 ± 3.1 b C 6.65 ± 3.9 a B
b*
Control 36.34 ± 2.9 a A 39.72 ± 3.4 a A 34.20 ± 4.1 b A 31.58 ± 3.9 b A
40 36.34 ± 2.9 a A 40.79 ± 3.2 a A 38.92 ± 2.6 a A 32.20 ± 2.7 b A
60 36.34 ± 2.9 a A 41.05 ± 3.9 a A 37.66 ± 3.1 a A 30.64 ± 3.4 b A
Means followed by SE (n = 15). Different lowercase letters (a, b, c, d) indicate significant differences within each
eugenol dose between days of storage according to the LSD test at p < 0.05. Different capital letters (A, B) indicate
significant differences within each day of storage between eugenol doses according to the LSD test at p < 0.05.
3.2. Main Experiment
Figure 2 shows the effects of the Control, Commercial scavenger, and Ground clove fruits
on color and rate of ethylene production. The results indicate that both the Commercial
scavenger and Ground clove delayed the ripening of the fruits, which was reflected by a
delay in the appearance of red coloring, as well as a delay in the appearance of the ethylene
production peak. The maximum amount of ethylene produced was significantly lower in
the Commercial scavenger fruits, while ethylene production was similar between the control
and Ground clove fruits. Among the control fruits, the evolution of color was rapid, reaching
positive values for parameter a* on the fourth day of storage. However, among the rest of
the fruits, parameter a* reached positive values only after eight days of storage. The slow
color change among the treated fruits can be visualized in the tangent of the line of fit from
parameter a*, which presents values of 3.657 (R2 = 0.9318) and 3.92 (R = 0.9726) for fruits
preserved with the ethylene scavenger and ground cloves, respectively, while the slope of
the line of fit for the control fruits was greater (67,371 (R = 0.9966)).
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Effect on Fruit Quality Characteristics 
The data in Table 3 show the content of soluble solids and firmness of the fruit during 
postharvest time. No differences were found between the various treatments, but signifi-
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ger and ground cloves, the loss of firmness was slower and more gradual. No differences 
were found between the treated fruits on any of the storage days—only between the con-
trol and treated fruits. These differences began to appear at 2 days after harvest. 
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Figure 2. Evolution of the ethyl ne production rate and col rameter a*) for Raf tomatoes packaged and not packaged
(control) with the commercial scavenger or ground clove. Vertical bars show the standard error (SE) (n = 15).
Effect on Fruit Quality Characteristics
The data in Table 3 show the content of soluble solids and fir ness of the fruit during
posth rvest time. No differ nces were foun betwe n the various treatments, but significant
differences in firmness were observed. All the fruits, regardless of their storage method,
presented a loss of firmness during the postharvest period, which was more pronounced
among the control fruits, while for the fruits stored with the commercial scavenger and
ground cloves, the loss of firmness was slower and more gradual. No differences were
found between the treated fruits on any of the storage days—only between the control and
treated fruits. These ifferences began to appear at 2 days after harvest.
Table 3. Evolution of CSS (expressed as the Brix degree) and firmness (expressed as g) in Raf tomatoes packaged and not
packaged (control) with the commercial scavenger or ground clove.
Days of Storage
Harvest 2 4 6 8 10
CSS
Control 6.7 ± 0.1 a A 6.5 ± 0.3 a A 6.8 ± 0.2 a A 6.6 ± 0.1 a A 6.4 ± 0.3 a A 6.4 ± 0.1 a A
Comm. scav. 6.7 ± 0.1 a A 6.7 ± 0.2 a A 6.5 ± 0.2 a A 6.5 ± 0.3 a A 6.5 ± 0.1 a A 6.6 ± 0.2 a A
Ground clove 6.7 ± 0.1 a A 6.7 ± 0.1 a A 6.6 ± 0.3 a A 6.6 ± 0.3 a A 6.4 ± 0.2 a A 6.5 ± 0.1 a A
Firmness
Control 5025 ± 70 a A 4128 ± 52 a A 3267 ± 89 b B 1658 ± 40 c B 1486 ± 36 c B 1507 ± 39 c B
Comm. scav. 5025 ± 70 a A 4896 ± 68 a A 3963 ± 52 b A 2984 ± 48 c A 2863 ± 21 c A 2255 ± 80 c A
Ground clove 5025 ± 70 a A 4967 ± 78 a A 3740 ± 86 b A 2921 ± 67 c A 2794 ± 45 c A 2089 ± 56 d A
Means followed by SE (n = 15). Different lowercase letters (a, b, c, d) indicate significant differences within treatments between days of
storage according to the LSD test at p < 0.05. Different capital letters (A, B) indicate significant differences within each day of storage
between treatments according to the LSD test at p < 0.05.
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Figure 3 shows the evolution of the total chlorophyll, carotenes, and lycopene in
the fruits studied. As expected, during the postharvest period, the chlorophyll content
decreased, while the content of carotene and lycopene increased. However, a clear effect of
the treatments was observed. Starting from the fourth day of storage, significant differences
in the content of all pigments could be observed between the control and treated fruits.
The loss of chlorophyll was more pronounced in the control fruits, as was the increase
in carotenes and lycopene. There were almost no differences between the commercial
scavenger and ground cloves. Differences between the two treatment types were observed
for chlorophyll content only on days 4 and 6 of storage and for lycopene only on day 6
of storage.
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4. Discussion
The Raf tomato is characterized by an extremely short shelf-life and is, therefore, a
very perishable product. Raf tomato is considered to be a gourmet product intended for
fresh consumption. In its red ripe state, Raf tomato loses its commercial value. Only in
the mature green, breaker, and turning stages is Raf tomato appreciated by consumers
as a tasty, crunchy fruit with high-quality aroma, flavor, and juiciness [27]. Due to these
consumer preferences, the loss of quality is very noticeable when the Raf tomato ripens,
at which point the fruits soften, assume an intense red color, and become less juicy with
a weaker aroma and flavor. These changes can be delayed through the application of
eugenol (Tables 1 and 2) and are associated with lower ethylene production and a notable
delay in the production of peak ethylene (Figure 1). The effects on ethylene production
of applying essential oils to fruits is well established, and it was previously found that
the application of rosemary and eucalyptus essential oil reduced ethylene production in
tomato [28]. In table grapes [15], treatments with different essential oils, including eugenol,
were associated with reduced ethylene production. Regardless of the essential oil applied,
lower ethylene production was observed. Our study observed similar results when the
fruits were treated with eugenol (Figure 1). Color changes during the ripening of tomato
fruits are closely related to their climacteric characteristics and, therefore, to the presence
of ethylene. Lower ethylene production resulted in a delay in the appearance of the typical
red color of ripe tomato. Color changes are related to the transition from chloroplast
to chromoplast. This process, in turn, leads to carotenoid synthesis and chlorophyll
breakdown [29], which is related to ethylene production. Indeed, most of the genes
involved in chromoplast differentiation are ethylene-induced [30,31] i.e., in ripening tomato
fruits, homologues of the rice STAY-GREEN gene, identified for participates in chlorophyll
turnover during senescence.
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However, very few studies in the literature explored the application of eugenol to
tomato fruits, and even fewer analyzed the Raf cultivar. Overall, the effects on ripening
are based on interference with ethylene caused by eugenol’s competition with ethylene
for the ethylene receptor. However, continuous exposure is required [6,17,18]. In both
our experiments (the preliminary and main experiment), the application of eugenol was
continuous (gauze impregnated with eugenol and ground cloves were kept inside the
containers throughout the experiment).
The proposed methodology provides a simple, straightforward, and natural way of
supplying eugenol to increase the shelf-lives of fruits. However, it can be argued that the
dose of eugenol cannot be controlled and depends on the type, agronomic practices, or
origin of the clove buds.
The primary component in clove essential oil is eugenol, usually in concentrations
ranging from 70% to 95%. However, note that this wide range is due to variability in the
method of extraction [32,33]. Nevertheless, given that the dose of eugenol required to
achieve acceptable results is very low (in the order of 60 microliters (Table 1)), the concen-
tration range of eugenol in clove essential oil should not be considered a limiting factor.
Moreover, in clove oil, there are also other major compounds, such as b-caryophyllene
(4–21%) and eugenyl acetate (0.5–21%), as well as many other minority compounds, which
all contribute to the properties of the clove oil. Indeed, there are numerous studies in
which clove oil—instead of eugenol alone—was applied in the postharvest period, but,
as mentioned above, these studies focused on antifungal and antimicrobial properties,
rather than the possibility of increasing the shelf-lives of the fruits [34,35]. It should be
kept in mind that as the content of essential oil in clove buds can differ depending on
different factors, such as geographical origin, crop method as well as the freshness of the
cloves, it would be convenient to study whether this variability could affect negatively the
effectiveness of technology proposed, although we think that if it affects, it will be slightly
because as we have seen in the preliminary experiment the amount of eugenol that has an
effect on maintaining the quality of tomato fruits is low.
The presence of ground clove buds was clearly detected by smell when opening
the containers. However, only a slight smell of cloves was perceived, which quickly
disappeared once the fruits were removed from the container. In our study, no clove
flavor was detected in the tomatoes, possibly because eugenol produced much less residual
flavor than other essential oils such as thymol. Similarly, Valero et al. [10], who combined
menthol and eugenol as active packaging for grapes, found that the residual flavor of
eugenol was much less than that of menthol, which was clearly detectable. Baldwin
et al. [36] also carried out a quantitative analysis of the volatiles in the fruits of two tomato
cultivars during ripening and found that eugenol was the only volatile compound that
decreased significantly during ripening. These factors alongside the fact that the Raf
tomato is considered to have a very enjoyable flavor may explain why the taste of cloves
was not detected.
The use of potassium permanganate as a sequestrant is a widely used technique [1],
but there is concern among consumers about its toxicity and the environmental damage that
its widespread use may cause. As noted by Álvarez-Hernández et al. [3], permanganate-
based ethylene scavengers are an environmentally friendly tool that can be used in the
packaging of horticultural products; such scavengers require proper handling and rele-
vant safety measures but are otherwise very simple and straightforward. Nevertheless,
consumer concerns persist. We believe that the use of ground cloves can help overcome
consumer concerns about toxicity and environmental problems. Clove buds are not only a
natural product, but are also commonly used by consumers themselves as spices in their
own cooking.
5. Conclusions
In the main experiment, we have compared two technologies based on two different
features. While the presence of permanganate was found to oxidize ethylene and properly
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act as a scavenger, the effects of ground clove were mainly due to its eugenol content
binding to the ethylene-binding domain, thereby acting as an ethylene antagonist. Despite
these two different modes of action, the results were similar, and we believe that the use of
ground clove buds represents a good alternative for use in the active fruit packaging of
horticultural products.
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